INTRODUCTION
Ratites include the ostrich of Africa, cassowary of Australasia, emu of Australia, rhea of South America and kiwi of New Zealand, as well as the recently extinct moa of New Zealand and elephant-bird of Madagascar (Cracraft 1974; Sibley & Ahlquist 1990) . The lack of a keel on the sternum in these species is associated with flightlessness. Phylogenetic analyses indicate that ostriches are basal, whereas South American rheas cluster with the Australasian emus, cassowaries and kiwis (Van Tuinen et al. 1998) .
The significance of ratites in ecosystem dynamics cannot be ignored. The cassowary, an obligate frugivore, eats fruit from over 100 different species (Romer 1997) , and plays a critical ecological role by dispersing seeds in the rainforest (Pratt 1982; Stocker & Irvine 1983; Mack 1995; Wright 1998; Webber & Woodrow 2004) . Similarly, emus help to maintain the genetic mix in plant communities by distributing seeds (Rogers et al. 1993; McGrath & Bass 1999) , and they probably increase germination of seeds during passage through their digestive system (Noble 1975) . Ratites also have longstanding relationships with humans, and have been a source of fascination since earliest times. However, human influence on declining ratite numbers is clearly illustrated in a model suggesting that hunting by man may have driven moas to extinction within a hundred years after Polynesian settlement in New Zealand in ca. AD 1300 (Holdaway & Jacomb 2000) .
In order to accentuate the importance of conservation of this order of birds, information regarding conservation of different ratite species has been reviewed and divided into species information, status, history of decline, and current conservation efforts for each family. It is hoped that this review will stimulate and guide interest in further research on conservation of ratite species.
Ostriches
Ostriches weigh between 93 and 130kg, and range between 1.7 and 2.7m in height. They are native to the savannas of Africa, both north and south of the equatorial forest zone, and can live up to 75 years (Ostrich 2007) . Clutch size of the ostrich in the wild varies between 5 and 36 eggs (Navarro & Martella 2002) , with the number of eggs hatched per total number of eggs laid reported as 65% for wild ostrich populations in Kenya (Bertram 1992) .
Four living subspecies are recognised (Table 1) . A fifth subspecies, Struthio camelus syriacus, called the Arabian ostrich, formerly common in the Arabian Peninsula, Syria and Iraq, was hunted to extinction circa 1966 (Ostrich 2007) .
Ostriches are not listed as a threatened species by the World Conservation Union (IUCN) ( Table 2) . However, wild populations of S. c. camelus have been listed in Appendix I (species threatened with extinction that are or may be affected by trade) of CITES (Convention and International Trade in Endangered Species of Wild Fauna and Flora), and are protected by law throughout their range (Del Hoyo et al. 1992) . Arabian (S. c. syriacus) and West African (S. c. spatzi) ostriches are listed as endangered by the United States Fish & Wildlife Service (2007) . However, S. c. syriacus is extinct, as described above, whereas S. c. spatzi, once separated from S. c. camelus due to differences in eggshell pores, is no longer considered as valid (Ostrich 2007) .
Ostriches were hunted since earliest times mainly for their feathers (Manlius 2001) . At around 1859 it became evident that if buyers in Europe were to depend solely on feathers from wild birds hunted down in remote parts of Africa, birds would soon either become extinct, or they would be driven to parts where it would be extremely hard to get hold of them. This has led to the idea of farming of ostriches, which was promoted in Paris, and the first ostriches were domesticated in Algiers. Many farmers in the Cape Colony, South Africa, kept a number of tame ostriches on their farms as early as the 1870s to supply plumes that were used in brooms. However, it seems that the first hatching of eggs from domesticated ostriches in South Africa occurred in the Beaufort and Oudtshoorn districts at about 1866 (De Mosenthal & Harting 1879) . Due to the increasing demand for feathers ostrich farming was booming in South Africa by 1910, when there were 746,736 breeding birds in the Cape Colony producing 336,854kg of feathers annually (Holtzhausen & Kotzé 1990) . Importations to improve feather quality of the domesticated South African ostrich stocks involved the 1876, 1888 and 1903 introductions of small numbers of Barbary birds from Tripoli, Algiers, Morocco and Tunisia, presumably S. c. camelus and the now extinct S. c. syriacus (Smit 1963; Freitag & Robinson 1993) . This was followed by the importation of 132 S. c. camelus from Nigeria in 1912 (Duerden 1919) . Subsequently, the uncontrolled distribution of fertile hybrid ostriches throughout South Africa raised fears of widespread introgression, and thus loss of the genetic integrity of S. c. australis. However, whereas deep divisions in the mtDNA gene tree exist between representatives of the eastern (S. c. molybdophanes and S. c. massaicus) and northern African subspecies (S. c. camelus), little genetic diversity was evident among samples drawn from localities throughout southern Africa at the beginning of the 1990s. Obviously, these data reflect only mtDNA lineage survivorship in extant S. c. australis populations, and not on the possible degree of nuclear introgression (Freitag & Robinson 1993) . Furthermore, the expanding of the ostrich industry outside South Africa at the beginning of the 1990s for production of skins, meat and feathers has resulted in the intense uncontrolled crossing of S. c. massaicus , S. c. molybdophanes and S. c. australis in breeding programs, without any information on history of birds available (Sales 2006 Three projects have been identified that are currently holding S. c. camelus for eventual release in the wild. The Aïr Mountains of Northern Niger, a vast region of uplands, plateaux and broad, sandy valleys, harboured the most important remaining population of around 1500 birds of this subspecies up until the early 1990s. However, almost the entire population was destroyed by an armed rebellion in 1992 (Sahara Conservation Fund 2007). Entire flocks of ostriches in easily accessible wadis were shot by government military forces. They were used, according to ex-rebel sources, as a source of abdominal and bone marrow fat, which was sold to Algerian and Libyan dealers to be used as traditional rheumatism medicine. A survey in 2000 failed to detect any evidence of ostriches to the north and east of Iferouane, the main town of the northern Aïr (Ostrowski et al. 2001) . In further extensive surveys in 2003-2004 no ostriches were seen throughout the Sahel of Mali, Niger and Burkino Faso (Thiollay 2006a) . Despite the negative influence of overgrazing, woodland degradation and increasing disturbance on the survival of ostriches in these parts (Table 3) , relentless hunting was likely to be the main reason for the dramatic decline (Thiollay 2006b ). In 2006 a feasibility study was carried out to define a long-term captive breeding and reintroduction project in the Aïr region (Table 4) 
Cassowaries
The family Casuariidae includes three species with a geographic distribution in New Guinea, the adjacent islands and northeastern Queensland (Table 1) . Uncertainty about subspecies identification of this family could be attributed to the fact that a majority of the forms were described by Lord Rothschild from zoological garden specimens of unknown origin. Secondly, the great individual variation of these birds was not appreciated until recently (Mayer 1940) .
Studies on the biology of the cassowary are limited (Crome 1976) . Clutches may vary from two to five eggs, with 80% of males breeding only once every 3 years (Moore 2007) .
Research indicated that, if unmanaged, traditional demand for cassowaries in Papua New Guinea, which is exempt from State regulation, could lead to extirpation of populations. Traditional methods restricting the season of harvest, or the people who could eat or hunt cassowaries, seem to be not in place anymore (Johnson et al. 2004) .
The southern cassowary, Casuarius casuarius johnsonii, the largest native vertebrate in the Australian rainforests (55-66 kg live weight), with numbers of fewer than 1500 (Kofron 1999) , is classified as endangered under the Commonwealth Environment Protection and Biodiversity Conservation Act of 1999 (Queensland Parks and Wildlife Service 2001). However, fieldwork identified the need for the improvement of largescale survey techniques for cassowaries, and for caution in the application of this method and interpretation of its results (Westcott 1999) . According to Moore (2007) 
Emus
In the family Dromiceiidae a single extant species, Dromaius novaehollandiae, with three living subspecies (Table 1) , is widely (Boles 2001) . Emu females attain a weight of 55kg and height of 1.8m, compared to 38kg and 1.5m, respectively, for males (Fowler 1991) . General biology and reproduction of emus, with a female laying on average 3.4 clutches of 6.7 eggs per clutch, spread over a period 83.8 days, has been reviewed by Sales (2007a) . Humans have been the emus greatest predator since the Middle Upper Pleistocene (Boland 2003) in the inland of Australia (Kirk, 1981) . Meat was used as food, and fat as a moisturizer and skin protector, as well as to heal burns and wounds and relieve muscle aches and pains (Fronteddu 2001) . Emus have also been the targets of persecution by pastoralists, such as the infamous Emu Wars staged in 1932 in Western Australia (Breckwoldt 1983) . Already in the middle of the 1800s Bennett (1860) and Gould (1865) warned that unless attention was given to rearing and protecting of this bird it would become extinct.
Despite the loss of emus from heavily populated regions, emu numbers in Australia may have increased since European settlement. It is estimated that the emu population is 625,000 to 725,000, with 100,000 to 200,000 in Western Australia, and the majority of the remaining populations in New South Wales and Queensland (Australian Museum 2001). However, some wild populations are at risk of local extinction due to small population sizes. The isolated eastern coastal emu population of the New South Wales north coast region and Port Stephens is listed as endangered by the New South Wales Government. Several priority actions (Table 4) Despite an attempt in 1970 to farm emus in Western Australia for leather production, emus were only recognised in 1987 as an agricultural commodity in Australia. Since then emu farming has expanded to the USA, Europe, Asia and Africa (OMalley 1995).
Rheas
Greater (Rhea americana) and Lesser (Pterocnema pennata) rheas, belonging to the family Rheidae, are native to the continent of South America. The several subspecies of both species (Table 1) have been hunted since pre-Hispanic times for meat, fat, eggs, feathers and skins (Adams 1908; Drenowatz et al. 1995) . Adult Greater rheas have a height of 1.5 to 1.7m, and weight of around 25kg (Del Hoyo et al. 1992) . Although clutch sizes of 120 eggs have been reported for wild Greater rheas in Argentina, only 17 to 65% of eggs would hatch, with 26 to 50 % of all chicks surviving until around 3 months of age (Navarro & Martella 2002) .
Despite legal protection in the last decades humans have become the main predator of rheas (Martella et al. 1995) . Around 1870, 300,000 to 500,000 wild Greater rheas were killed in South America yearly for feather production (De Mosenthal & Harting 1879) . Free-ranging populations of rheas have declined drastically in South America, resulting in the inclusion of both species in Appendix I or II (species that are not presently threatened with extinction, but may become so if their trade is not regulated) of CITES. The Argentinean population of P. p. pennata was transferred from Appendix I to Appendix II in 2000, and it was proposed to do the same with the Chilean population, whose density (estimated 50,000 individuals) has increased from 1.29 individuals per km 2 in 1976 to 5.13 per km 2 in 2000 (IUCN 2007 ). The Andean Lesser rhea subspecies P. p. garleppi and P. p. tarapacensis are considered as endangered (Navarro et al. 2003) . Although Lesser rheas, together with guanacos, have been classified as having a low risk of demographic extinction (Fernandez et al. 1997) , this overlooks the potentially serious implications of the loss of their ecological roles in the ecosystem (Novaro et al. 2000) .
Several studies, as summarised by Sales (2007b) , have concentrated on describing the behaviour, reproduction, habitat and feeding habits of rheas, with subsequent suggestions for conservation (Table 4) . Anti-predator training of Greater rheas was proved to be worthwhile for use in future reintroduction programs (de Azevedo & Young 2006a,b,c) .
Farming of Greater rheas has received attention in South America, North America and Europe since the 1990s (Navarro & Martella 2002 ). However, it was only since 1994/95 that the Lesser rhea has been exploited as an animal with agricultural value in South America (Navarro et al. 2003) . The fact that hybridization between the two species can occur in captivity (Delsuc et al. 2006; Sarasqueta 2006) points out that the differentiation between the two species is not complete. Species thus have to be strictly separated in private husbandries and zoos, with meaningful captive breeding programs followed to conserve the integrity of both species. This is especially important if the aim would be to release birds in the wild for reintroduction or population increase purposes (Delsuc et al. 2006) .
Kiwis
According to genetic and biological differences, five species (Table 1) and six taxa of kiwis (Apteryx spp.) endemic to the three islands of New Zealand, and each endangered, are recognised by the New Zealand Department of Conservation (Sales 2005) . A. rowi (Okarito Brown kiwis) and A. australis Haast (Haast Tokoekas) are classified as nationally critical, A. mantelli (North Island Brown kiwis) as seriously declining, A. haastii (Great Spotted kiwis) and A. australis (Southern Tokoekas) as gradually declining, and A. owenii (Little Spotted kiwis) as range restricted (Hitchmough et al. 2005) . Numbers for kiwis in New Zealand are presented in Table 5 .
Kiwi females lay one to two eggs during a breeding season in the wild, with an incubation period of 65 to 85 days, depending on species. In captivity the number of eggs might increase to four to eight per breeding season (reviewed by Sales 2005) .
More than a hundred years ago the extinction of kiwis, mainly due to severe hunting, was predicted (De Mosenthal & Harting 1879; Buller 1905) . A program of translocating kiwis and other species to offshore island reserves, undertaken by the New Zealand Department of Lands and Survey from the late 1890s to about 1915, failed after a series of setbacks, especially after the arrival of stoats (Colbourne 2005) . Despite legal protection since 1896 and the setting aside of large tracts of pristine forests in parks and reserves, North Island Brown kiwi numbers were dropping by 5.8% each year (Robertson 2003) . Only in 1991 significant coordinated conservation management action was taken to prevent kiwis from becoming extinct in New Zealand, with the launch of the Kiwi Recovery Program (Butler & McLennan 1991; Robertson & Colbourne 2003) . In 1994 the Bank of New Zealand lodged the Operation Nest Egg program, which includes expertise and facilities from, among others, the Auckland Zoo, Rainbow Springs in Rotorua, the Whangarei Native Bird Rescue Centre, Napiers Westshore Wildlife Reserve, and Otorohanga Kiwi House, in partnership with the Department of Conservation (Bank of New Zealand Kiwi Recovery Trust 2002). The New Zealands Department of Conservations kiwi programs are matched by more than 60 community-led projects, aimed mainly at controlling of stoats and raising of kiwis in captivity for later release into the wild (Department of Conservation, New Zealand 2007).
It was found that predators killed at least 8% of chicks, 45% of juveniles, and possibly as many as 60% of all young kiwis (McLennan et al. 1996) . Management comprises a variety of mainly experimental approaches (Table 4) . Juvenile kiwis are raised in captivity to be returned to the wild upon reaching a size (800 to 1200g) when believed to be capable of resisting stoats (Grant 2001; Kiwi Captive Management Advisory Committee 2004; McLennan et al. 2004) . Since 1994 about 700 birds have been hatched through the Operation Nest Egg program, and in the 2002/03 breeding season the programs first third-generation egg was laid (Bank of New Zealand Kiwi Recovery Trust 2002). According to Colbourne et al. (2005) concerns about captive-reared birds lacking social adjustment to life in the wild may be unfounded, based on behaviour and reproduction. Five areas, chosen to include significant populations of Okarito Brown kiwis and Haast Tokoekas, and sample populations of North Island Brown kiwis, were established as kiwi sanctuaries in 2000 as part of the New Zealand Biodiversity Strategy (Robertson 2004) . Kiwis are cryptic birds, and the most reliable monitoring regimes to evaluate the impact of conservation efforts include radio tracking, trained dogs (Robertson et al. 1999) , and call count responses (Pierce & Westbrooke 2003) .
DISCUSSION AND CONCLUSIONS
The risk of immanent extinction exists for all living families of ratites. In order to identify the extent of the risk, priority should be given to identification of species and subspecies within families, followed by surveys of numbers. With this information available, threat classification systems set by conservation organizations for ratites, which are out of date and not a true reflection of the current situation, could be rectified. As stated by the Sahara Conservation Fund (2007), the most important factor in assuring success in the prevention of extinction of ratites will be the assurance that the causes for the original extinction have been addressed and remedied. However, since these causes are often irreversible, such as urban development, alternative solutions must be examined.
Captive breeding programs as practiced for ostriches and kiwis aim to produce substitutes for wild populations, supply demographic and genetic reservoirs, and serve as the last resort for species which have no immediate opportunity for survival in nature. The ultimate goal of such projects is to maintain options for re-establishment of natural populations (Conway 1980) . Captive breeding programs are feasible in ratites with a high reproductive output, such as ostriches, emus and rheas, where survival of offspring could be dramatically improved through more effective management. However, captive breeding should never be seen as a substitute for in situ conservation of a species, to be beneficial to species conservation it has to be designed and applied as part of a science-based conservation management plan (World Wildlife Fund 2007) . Careful consideration of limitations such as establishment of self-sufficient captive populations, success of re-introductions, high costs, domestication, preemption of other recovery techniques, disease outbreaks and maintenance of administrative continuity, have to be taken into account in such practices (Snyder et al. 1996) .
Habitat loss is often blamed for decline in numbers for all ratite families. Habitat restoration means to restore the functional aspects of a place where one or more species are intended to live (Smallwood 2001) . However, recommendations regarding habitat restoration in conservation plans for small or declining populations as a means of increasing carrying capacity and lowering extinction risk are often made without assessing how much, if at all, habitat restoration would benefit the population. The assumption that habitat loss has contributed to population declines, and that habitat restoration will be able to rescue declining populations, may not be the case when the populations are demographically limited rather than habitat limited (Schrott et al. 2005) . Habitat restored with the right structural elements can still fail to sustain the species due to insufficient space and spatial contiguity with nearby habitat (Smallwood 2001) . It is critical to evaluate habitat requirements for individual species, subspecies, or populations, and recommend strategies accordingly, and not to extrapolate from limited research with few experimental units.
Loss through domestication is rarely considered as a cause for wildlife extinction (Peterson et al. 2005) . Domestication, as found with ostriches, emus and rheas, is a process whereby wild animals adapt to environments provided by humans, with genetic and behavioural changes occurring over generations (Price 1999) . It has been suggested that domestication is a solution for wildlife extinction, because few if any animals domesticated as pets have gone extinct (Archer & Pain 2000) . However, this does not take into account that wildlife species might lose invaluable scientific, aesthetic, dialectical, and sacramental values through domestication (Rolston 1981) .
Hybridization with or without introgression, commonly used to increase production of farm animals, has led to the extinction of many populations and species in plant and animal taxa (Rhymer & Simberloff 1996) . This tendency is also promoted in farmed ostriches (Brand et al. 2005 ) and farmed rheas (Sarasqueta 2005) , and definitely is occurring in farmed emus. This has to be eliminated in conservation strategies for ratites, and great care has to be taken to prevent hybrids from farming operations being released into wild populations. Intentional hybridization would be appropriate when the population has lost substantial genetic variation through genetic drift and the detrimental effects of inbreeding depression are apparent (Allendorf et al. 2001) .
Total extinction of several ratite families and populations has occurred in the recent past, in many cases due to human activity. Lessons learned from the past must be used to preserve the remaining members of this valuable and interesting order of birds.
